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Abstract: 
 
The current UK social housing stock accounts for approximately 20% of total UK housing. 
Maintaining this stock costs approximately £1.25 billion per annum (excludes improvement grant).  
However the effectiveness of this expenditure against the sustainability agenda is questionable.  The 
theoretical models used for determining maintenance need (the stock condition survey) and 
prioritising maintenance works (funding availability) are primarily economic based and do not 
generally address the wider sustainability issues associated with environmental and social impact.  
Also, they have proved largely ineffective in addressing changing demands placed on social 
housing and have resulted in a significant quality backlog.  Further, although the Decent Homes 
Standard has attempted to address this quality backlog, its reliance upon existing theories has 
resulted in very little improvement to the environmental performance of existing homes.  Thus, a 
new theoretical approach to built asset maintenance that considers the sustainability agenda is 
urgently required. 
 
The extent to which routine maintenance (both planned and responsive) can be used as a vehicle to 
improve the quality of social housing in a way that addresses the sustainability agenda 
(environmental, social and economic impacts) is one focus of a 5 year research programme (EPSRC 
– IDCOP) underway in the UK.  This paper will present a critical review of the theory underpinning 
built asset maintenance (based on a desk study and questionnaire survey of key industry figures) 
and identify the weaknesses in the theory for addressing the sustainability agenda.  In particular the 
paper will: consider how the sustainability agenda impacts built asset maintenance strategies; 
identify the limitation of the current strategies; and outline a new theoretical basis for built asset 
management that integrates the sustainability principles into maintenance strategies (both 
responsive and planned).   
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Introduction 
The sustainability debate has come a long way since the energy crisis of the 1970’s first focussed 
world attention on the profligate manner with which humankind was consuming the Earth’s natural 
resources.  Brundtland (1987) produced a definition of sustainable development as that which 
“…meets the needs of the present without compromising the ability of future generations to meet 
their own needs…’ and this has focussed much of the thinking about sustainability over the past 20 
years.  The debate was broadened in 1992 at the United Nations Rio Earth Summit where Agenda 
21 (UN Department of Economic & Social Affairs, 1992) was formulated as guidance for those 
working towards a more sustainable future; again at Kyoto (UN Framework Convention on Climate 
Change, 1997) where the impact of climate change was considered; and then at Johannesburg (UN 
World Summit on Sustainable Development, 2002) where obstacles to the implementation of 
Agenda 21 were examined and a new way forward proposed.  In 2005 the UK Government updated 
its sustainability strategy (DTI, 2005) in which it reinforced its commitment to the societal 
dimension whilst highlighting a shift in emphasis towards a more explicit focus on environmental 
issues.  The strategy also identified four priority areas, of which responding to climate change 
(adaptation and mitigation) and energy production were identified as key issues.  In this context 
those working in social housing provision have a joint challenge, to deliver quality housing 
solutions in the most environmental friendly manner.   
 
According to the UK Foresight Report, Constructing the Future (DTI, 2001) only a small 
percentage of the UK’s built environment is replaced each year and over the next 20 years, much of 
the built environment will comprise that which already exists or is in the planning stage.  If this is 
indeed the case then, if the UK built environment is to address the changing needs of society in a 
more sustainable manner, the construction industry will have to work largely with buildings that 
already exist. In its summary the Foresight Report made a number of recommendations including: 
the promotion of ‘smart’ buildings and infrastructure; improvements in the health and safety of 
those employed in the construction industry; enabling supply chain integration; investing in people; 
improving existing built facilities; exploiting global competitiveness; embracing sustainability; 
increasing investment returns; and the need to plan ahead.    In addition to the recommendations the 
report also outlined the changing demands that would be placed on the built environment 
(population demographics, knowledge based working practices, climate change etc) and suggested 
specific actions around whole life thinking and the use of advanced technology, materials and 
processes which would be needed to address them.  Indeed, with respect to the improvement of 
existing built facilities the report called for the development of innovative processes, technologies 
and components for the maintenance, repair and refurbishment of the built assets identifying in 
particular the potential for new technologies and ‘intelligent’ products to improve living and 
working environments and enable information feedback to improve construction quality.   
   
The English housing stock comprises approximately 22 million dwellings of which 70% are owner 
occupied; 19% are rented from registered social landlords (RSL’s) or local authorities (LA’s) and 
11% are rented from private landlords.  The stock is relatively old with 60% being built before 1965 
and 38% before 1945.  Approximately 82% of the stock consists of self contained houses and 18% 
of flats and maisonettes.  The social housing market has been transformed over the last twenty five 
years from one in which the LA was the main provider (approximately 78% of the social rented 
sector) to one in which it is now on a par with RSL’s (CLG, http://www.communities.gov.uk/, 
2006). Today, LA’s are primarily enablers of housing through the provision of land for housing 
development, whilst RSL’s, and latterly Arms Length Management Organisation (ALMO’s), 
develop and own large proportions of the social housing stock.   
 
In 2000 the UK government set itself a target of bringing all social housing up to a Decent Home 
Standard (DHS) by 2010. In 2002 this target was broadened to encompass seventy percent of 
dwellings in the private sector occupied by vulnerable households (ODPM, 2004). The DHS is a 
quality instrument which sets minimum requirements of:   
 
• Fitness / Housing Health and Safety Rating System (HHSRS) - which states that there 
must be no serious defects, that the house is structurally safe and healthy, that facilities are 
present for heating, lighting and ventilation, and that the house has tap water, sewers, a WC, 
a bath or shower and cooking facilities; 
• repair - twelve essential and three ordinary building components are distinguished. Building 
components refer to the constructional, shell and internal building elements. The assessment 
is made on the basis of the age and the state of a building element;  
• modern facilities - a house is assessed on six facilities (e.g. kitchen, bathroom and sound 
insulation), primarily on age, area, etc; and 
• thermal comfort - a home must have both efficient heating and effective insulation.  
 
The responsibility to tackle the quality issues resides with the landlord, and whilst RSL’s must fund 
the work from their own resources, LA’s have the option to improve the non-decent homes 
themselves or to opt for a range of alternatives offered to them by central government: 
 
• setting up an ALMO, which is quasi private company to manage and repair the homes; 
• joining a Private Finance Initiative (PFI) where the local authority continues to own the 
homes, but the private sector takes care of the administration and management; or 
• transferring ownership to a RSL, which then repairs the property. 
 
Further, it has been suggested that the different regulatory frameworks under which the various 
bodies operate have resulted in different approaches to the maintenance of the social housing stock 
and to the quality backlog that exists (Sharp & Jones, 2006). 
 
The quality of England’s housing stock is measured in the English House Condition Survey 
(EHCS). The EHCS measures – amongst other things - the quality of the stock against the DHS.   In 
2005 approximately 29% of social housing failed at least one aspect of the DHS, compared to 53% 
in 1996. The housing stock owned by RSLs is in better condition (76% classed as decent) than that 
owned by LA ‘s (66% classed as decent).  Providing a reasonable degree of thermal comfort is the 
main reason for social housing failing the DHS (18%) whilst fitness, repair and modern facilities 
account for 11% (Note, some of those houses failing fitness, repair and modern facilities also fail 
the thermal comfort criteria) (CLG, 2005).  Whilst there have been considerable improvements in 
the quality of English social housing since 1996, there is still a considerable challenge to bring all 
social housing up to a decent standard by 2010. In 2004 the total backlog for England’s housing 
stock was £1.25 billion, which is equivalent to an average of £3,989 per home (CLG Table DH9a - 
online). When one considers that the DHS was not developed specifically against the sustainability 
agenda (e.g. improving thermal performance is the target, not necessarily doing it a sustainable 
way), and that the average expenditure per year on maintaining England’s social housing was £1370 
(total spend on maintenance and refurbishment from the National Construction Statistics 2004 and 
the Housing Corporation Global Account 2004 divided by the total number of social houses in 
England 2004) in 2004, approximately 50% was set aside for emergency (responsive) repairs, it will 
take the whole (and more) of the available budget to achieve the decent homes upgrades leaving 
nothing to address the broader issues surrounding sustainability.  It is against this backdrop that a 
UK based multi-disciplinary research consortium in the Design Construction and Operation of 
Buildings for People (IDCOP) was developed.  The IDCOP consortium, which is led by a 
management committee drawn from the University of Greenwich, the University of Reading, 
Southampton University and Arups investigated alternative approaches to social housing 
maintenance that could address the sustainability agenda alongside the DHS.  This paper presents 
the findings from an extensive questionnaire survey of RSL maintenance managers that sought to 
identify the degree to which sustainability featured as a consideration when developing maintenance 
plans and the extent to which it was supported by current maintenance models.  The paper 
concludes that, whilst sustainability is generally perceived of strategic importance to their 
organisations there is little evidence that it is influencing operational maintenance decisions.  To 
address this issue the paper argues that a change in the theoretical basis against which maintenance 
decisions are made is required.  The paper outlines a new maintenance model that places 
sustainability issues clearly in the maintenance decision making process.   
 
Review Of Current Approaches To Social Housing Maintenance  
The traditional model of social housing maintenance (Figure 1) places a stock condition survey at 
the centre of the decision making process.  The stock condition survey is effectively a snap shot of 
the psychical condition of the housing stock at any given point in time.  From this information a 
stock condition profile model is developed (primarily against the DHS) that predicts demand over a 
given time period (typically 25 – 30 years).  Demand prediction is based on an assessment of time 
remaining until a given component reaches the point at which a maintenance action is required.  
Once the demand profile has been established, budgetary constraints and minimum specification 
standards (e.g. legislation) are applied to the demand model and maintenance options, and risk 
assessments are undertaken to ensure the housing stock remains viable over the refurbishment 
period (point at which a major intervention, beyond maintenance, is planned).  Finally, prioritising 
algorithms are applied to the demand model to smooth cash flow and to programme interventions 
against alternative maintenance strategies (e.g. Responsive; Planned etc).  Whilst this model is 
widely used it does have some well documented problems. 
 
Whilst the model assumes that the maintenance planning process is driven by organisational 
policies all too often policy objectives are not clear and no direct links exist between the 
organisation’s strategic objectives and their maintenance programmes.  Maintenance is viewed by 
many organisations as a necessary evil and cost burden (Moua & Russell, 2001), with maintenance 
budgets subject to fluctuation in the light of prevailing economic conditions. Such an approach all 
to often manifests itself in maintenance standards being met by the barest minimum interventions 
(Chew et al, 2004) which in turn results in little or no improvement in the quality of stock above the 
restore to acceptable condition criteria engendered in BS3811 (BSI, 1993).   
 
 
Figure 1.  The Built Asset Maintenance Process Model 
(source: adapted from Wordsworth, 2001) 
 
The effectiveness and efficiency of the stock condition survey process to support planned 
maintenance has been questioned (O’Dell, 1996; Chapman, 1999) and despite attempts to improve 
the process (Staub, 1998; Damen & Quah, 1998; Jones et al, 1999) fundamental problems in 
applying it to social housing still exist (Constructing Excellence 2007).  In a specific review of the 
use of the stock condition survey process in UK social housing, Chapman (1999) identified: poor 
specification of initial requirements; unclear aims and objectives and inappropriate frameworks; an 
inability to predict long term cost requirements; variations in levels of experience of those 
conducting surveys (similar findings were reported by Kempton et al, 2002 who also identified the 
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existence of confirmation bias as an inherent weakness in the stock condition survey process); 
unrealistic claims by consultants selling survey services; inappropriate or unusable data; poor links 
to organisational objectives; and a lack of fit of survey data to maintenance programmes as the key 
factors that contributed to high levels of dissatisfaction of the approach amongst social landlords.  
Chapman also identified the gap between clients’ expectations of maintenance models and the 
limitations of the logic underpinning the stock condition survey process, acknowledging that the 
latter could at best provide short term predictions of maintenance costs, but was unable (in its 
current form) to effectively inform long term maintenance planning. 
 
Invariably the demand identified through a stock condition survey is greater than the resources 
available to undertake maintenance actions.  As such maintenance actions need to be prioritised.  
Prioritisation is normally based on a mathematical assessment of the condition of the built asset 
component and its relative importance, via a priority rating, to an organisation.  However, whilst the 
priority rating may be intuitively based on the technical, political, financial, social, economic and 
legal importance of maintaining the built asset component to an organisation (Spedding, 1995) the 
difficulty in making consistent judgements across the housing stock, combined with the summative 
(linear) nature of the mathematical techniques used, tend to result in similar outcomes irrespective 
of which approach is adopted (Alani et al, 2002).  As such prioritisation can easily become a matter 
of satisfying the lowest common denominator. 
 
Finally, although the current BAM process model implies a feedback loop, in reality this rarely 
exists. As such the same mistakes keep reappearing and no learning takes place within the design 
process (Arditi & Nawakorawit, 1999).   
 
In light of the above the authors question whether such a short-term, linear deterministic approach 
can really effectively address the long-term multi-criteria thinking that is needed if the fundamental 
tenets of sustainability (environmental, social and economic) are to be incorporated into 
maintenance planning. This view was tested through a questionnaire survey of RSL maintenance 
managers. 
 
Survey Of Rsl Maintenance Managers – Selected Results 
The aim of the questionnaire survey was to establish the attitudes towards sustainability within the 
RSL community and to examine the extent, if any, to which it was influencing maintenance 
decisions.  The survey also sought to identify any changes that may be required to the maintenance 
process to encourage a greater consideration of sustainability issues.  A total of 567 postal 
questionnaires were sent to the Chief Executive of all parent RSLs in England and Wales.  A total 
of 68 completed questionnaires (12% response rate) were returned for analysis.  All surveys were 
completed by RSLs maintenance managers. 
 
Sample Characteristics  
An analysis of the sample characteristics indicated that: 
 
• The size of the stock portfolio of responding organisations were skewed towards larger 
organisations (Figure 2).  This was expected given the sample frame.   
• The age profile of the stock was generally in line with that expected from the EHCS with the 
exception of a slightly greater number of pre-1919 houses.  Again, this was expected given 
the sample frame. 
• The stock profile of respondents was fairly well balanced between inner city, suburban 
(highest percentage) and rural settings. Overall occupancy rates were 96.3% which again is 
in line with the levels reported by the EHCS.         
• The largest group of respondents (25 Out of 68) had an annual maintenance expenditure of 
between £1-£5 million, with 19 respondents spending <£1 million, 13 spending £5-£10 
million and 10 in excess of >£10 million.   
• As expected there was a strong association between the size of an organisations property 
portfolio and its annual maintenance expenditure, although this association was weaker for 
the largest organisations.   
• The average (estimated) maintenance expenditure per house varied widely between 
respondents but was in the order of £1000 - £3000.  This is line with estimates taken from 
national audited accounts.   
• Generally respondents had a high DHS achievement rate (82% on average) which is in 
agreement to the English average reported by the EHCS.   
• Those houses that failed the DHS were doing so across the range of criteria and, although 
the thermal comfort criteria was the most common failing (34%) it was not as dominant as 
that reported in the EHCS, with modern facilities (33%), repair (27%) and fitness (19%) all 
featuring quite highly.  
 
Considering all the above the authors are confident that the sample was representative of the RSL 
(England and Wales) sector as a whole. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Breakdown of Respondents by Size of Property Portfolio. 
 
Maintenance Planning 
In line with government targets there appears to be a strong bias towards Planned Preventative 
Maintenance (PPM) strategies rather than Responsive Maintenance (RM) strategies, with 70% of 
respondents having a PPM:RM ratio of 60:40 or greater.   
   
Whilst the primary housing maintenance decision making tool was still the stock condition survey 
(98% of respondents carried out surveys on a cyclical basis (normally 4-5 years) and 78% rated it as 
their primary decision making tool), other measures were also being used by some respondents to 
inform their maintenance planning.  The HHRSR system was being used by 64% of respondents 
whilst SAP 2001 and SAP 2005 ratings were being used by 50% of respondents.  Energy usage 
monitoring (18%), EcoHomes XB assessments (7%) and the Housing Quality Indicators (8%) did 
not appear to have penetrated their intended market and were only being used by a small percentage 
of respondents.   
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Priority of need is still considered the most important factor in determining maintenance actions (as 
opposed to budget constraints and political criteria), however a greater number of organisations 
were using historical data to identify maintenance trends (approximately 80%) than expected.   
 
Finally, the historical distinction between the classification of maintenance and refurbishment work 
by budgetary source (maintenance from revenue, refurbishment from capital) seems to be 
diminished in favour of classification by scale of works.  This could reflect the wider financial 
freedoms enjoyed by RSL’s and be indicative a more flexible approach to the management of their 
housing stock. 
 
Decent Homes Standard 
Ninety six percent of respondents indicated that DHS had affected their maintenance decision 
making.  In particular respondents believed that DHS had reduced the pressure on revenue and had 
provided more funding for the housing stock.  However respondents also commented that the DHS 
criteria did not always match tenant expectations or maintenance plans and could lead to quantity 
rather than quality works being prioritised.  It was also noted that the benefits from DHS were 
limited to only a small number of tenants, and, although there was no evidence that other tenants 
were suffering as a consequence, if the situation continues beyond 2010, this situation could change.   
 
In terms of sustainability, just over half (56%) of the respondents believe that the DHS had 
improved the sustainability of their housing stock. However, this improvement was not primarily a 
result of the actions taken (e.g. it didn’t allow them to tackle key sustainability issues) but because it 
had provided greater investment (funds) and had enabled a more planned approach to be taken. 
Twenty one percent of respondents didn’t believe that DHS had improved sustainability as it does 
not address the wider social or environmental issues associated with the sustainability agenda.  
 
Sustainability Strategy 
All respondents believed the sustainability debate was important (modal score indicated ‘of 
significant importance’) to their work with most (90.4%) also believing that sustainability had 
affected their maintenance practices to varying degrees (modal score indicted ‘of moderate impact’ 
on maintenance practices). However, less than half (49%) of responding RSL’s had an 
organisational sustainability policy and only 40% measured the sustainability of their stock 
(through a range of approaches from single measures to EcoHomes XB assessments).  Of those who 
did assess the sustainability of their stock, 85% of them used the results to inform their maintenance 
strategies. The majority of respondents (80%) believed that their maintenance strategies could be 
improved in terms of sustainability.  Cost is the overriding internal barrier to incorporating more 
sustainable solutions whilst lack of joined up legislation and lack of commercial incentives are the 
main external barriers. As expected responding organisations believe more sustainable practices 
will cost more money but felt they are able to justify 3-5% additional costs. 
 
The respondents rated a range of factors (e.g. low environmental impact materials, recycled 
materials, locally sourced plant and labour, quality upgrades considered as part of the maintenance 
process etc) which they believed should be included in a sustainable maintenance strategy.  The 
breadth of factors along with the response to a number of ‘red herrings’ included amongst the 
statements, indicated a good understanding of the environmental, social and economic issues 
associated with sustainability. Approximately 70% of respondents agreed (to varying degrees) that a 
good supply chain should be incorporated in a sustainable maintenance strategy yet less than half 
considered the sustainable policies / strategies of contractors.  
 
A Performance Based Sustainable Housing Maintenance Model 
The results of the questionnaire survey confirmed the views of the research team and indicated a 
desire on behalf on maintenance mangers to consider the broader implications of the sustainability 
agenda when formulating their maintenance plans.  Further: the apparent move away from a single 
decision point for needs assessment towards a variety of data sources; the use of historical data to 
identify maintenance needs; more flexibility in the financing of maintenance works; and the range 
of factors that maintenance managers believed should be included in their maintenance strategies 
could indicate a more mature approach to maintenance planning in which social and environmental 
issues could inform the maintenance planning process.  In essence a move away from an assessment 
of the condition of a house to an assessment of the performance of the house against a range of 
criteria could provide the basis for improving sustainability through routine maintenance.  
 
The principle behind a performance based model for sustainable social housing maintenance is that 
the decision to maintain a component is based on the impact that that decision has on the 
sustainability of the house unit and not on its condition.   Thus, the key elements to maintenance 
planning are to understand how house units and their components impact on the sustainability 
agenda (environmental, social and economic).  Whilst these will be specific to an individual 
organisation and area, the generic model should be applicable to all.  The new sustainable built asset 
maintenance process model is shown in Figure 3. 
 
Identify Need 
The need for a maintenance/refurbishment action is identified through a series of performance 
toolkits that asses how well a house / component is performing against the RSL’s sustainability 
agenda’s.  For each house, performance toolkits assess its: physical performance (e.g. Health & 
Safety, statutory obligations etc); social performance (e.g. tenant wellbeing, community 
engagement etc); environmental performance (e.g. CO2, water consumption etc); and economic 
performance (asset value, future exposure and risk – climate change, internal and external 
benchmarking maintenance costs etc).  Any single or combination of criteria then identifies those 
houses / components that required further investigation. 
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Figure 3 Performance based sustainable housing maintenance model. 
 
Establish Cause 
Simply knowing that a house / component is under-performing is not enough to justify a 
maintenance intervention.  In many cases under-performance may be a symptom and not the cause 
of many problems (e.g. an above expected consumption of energy could be the result of poor levels 
of thermal insulation, or of the life style of the tenant, or both). A series of analysis toolkits allow 
maintenance managers to investigate underlying cause and identify any related building issues. 
 
Inquiry toolkits using qualitative analyses (interviews, surveys and case study reports) will seek to 
identify whether underperformance is unique (i.e. to a specific house) or systemic (across a number 
of house units).  Statistical and Experiential toolkits using quantitative analyses (e.g. Level of 
Repairs Analysis) will seek to identify underlying patterns in responsive maintenance actions (e.g. 
to identify components that have a higher than expected failure rate) and Whole Life Costing and 
Portfolio Analysis will consider the impact of the physical state of the house on portfolio asset value 
(note, building condition data will only be collected for houses which have been identified for 
detailed investigation).  Finally, Design Toolkits (Root Cause Analysis; Failure Mode Effects 
Analysis; etc) will seek to relate the reasons for an underperforming house to building issues (e.g. 
problems with building components or in design philosophy).  These design toolkits are similar in 
approach to the Integrated Logistics Support toolkits suggested by El-Haram & Horner (2002).  
 
Action Statement 
Following the analysis of an under-performing house / component an Action Statement will be 
produced which clearly articulates the problem and the expected improvements.  In essence it forms 
a project brief against which potential solutions can be proposed and evaluated.  
 
Develop Solutions 
Modeling toolkits will allow alternative solution scenarios to be developed whilst multi-criteria 
prioritization methods will allow each scenario to be evaluated against a range of sustainability 
criteria (e.g. tenant satisfaction, environmental performance, asset value, etc).  In this case priorities 
will be set to reflect the strategic objectives of the RSL (e.g. tenant satisfaction may be rated twice 
as important as reducing environmental impacts).  The most appropriate maintenance strategy (e.g. 
responsive or preventative) can be identified by the use of impact models which consider the 
consequences of inaction on the RSL’s critical success factors.   
 
Evaluate Solution 
Finally a set of impact toolkits (e.g. performance indicators, tenants feedback etc) will be used to 
compare actual improvements in performance (that result from the maintenance intervention) 
against the improvement requirements contained in the action statement.  The results of the 
feedback will inform future problem identification and ultimately future housing design.   
 
The above toolkits are currently being developed by the research team and will be tested against 
real and simulated data sets over the next 12 months. 
 
Conclusion 
Whilst the sustainability debate is considered important to the work of RSL maintenance managers 
it has yet to penetrate to the operational level.  Increased costs coupled with a lack of joined up 
thinking and commercial incentives are all perceived as barriers to improving the sustainability of 
RSL housing stock through routine maintenance activities.  If these barriers are to be addressed then 
maintenance managers need a new set of toolkits that allow them to demonstrate the added value 
that adopting a sustainable maintenance strategy can deliver.  These toolkits need to consider 
potential maintenance actions against a range of sustainable performance criteria (economic, social 
and environmental) and not physical condition alone.  A new performance approach to maintenance 
management has been presented in this paper.  The performance based model represents an attempt 
to develop an integrated approach to housing maintenance that links the impact that a maintenance 
action has on the sustainability of the house / community.  In doing so it seeks to address many of 
the weaknesses inherent in the current approach to housing maintenance and elevate maintenance 
issues from the position of an unwelcome cost burden to one which is seen to add value.  Although 
the model is still theoretical at present it addresses many of the issues identified by RSL 
maintenance managers in the questionnaire survey.  Thus it is believed that adopting the 
performance approach will result in (greater integration of the sustainability agenda (environment, 
social and economic) from strategic to operations level, improved dialogue with tenants on issues 
surrounding sustainability and occupancy and improved maintenance decision making in terms of 
the sustainability agenda. 
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